ICETM-5100/252 
In-Circuit Emulator for the 
MCS®-51 Family of Microcontrollers 



Precise, Full-Speed, Real-Time 
Emulation of Selected MCS-51 
Microcontroller Components at Speeds 
Up to and Including 16 MHz 

64 KB of Mappable High-Speed 
Emulation Memory 

254 24-Bit Frames of Trace Memory (16 
Bits Trace Program Execution 
Addresses and 8 Bits Trace External 
Events) 

Serial Link to the IBM* PC AT, PC XT 
(and DOS Compatibles), and the 
Intellec® Series lll/IV 

ASM-51 and PL/M-51 Language 
Support 



Symbolic Debugging Enables Access to 
Memory Locations and Program 
Variables 

Four Address Breakpoints with In- 
Range, Out-Of-Range, and Page Breaks 

Equipped with the Integrated Command 
Directory (ICDtm) that Includes: 

— On-Line Help 

— Syntax Guidance and Checking 

— Dynamic Command-Entry 

— Error Checking 

— Command Recall 

On-Line Disassembler and Single-Line 
Assembler to Help with Code Patching 

Built-in CRT-Oriented Text Editor 



The ICE t m-51 00/252 in-circuit emulator is a high-level, interactive debugging system that is used to develop 
and test the hardware and software of a target system based on the MCS®-51 family of microcontrollers. The 
ICE-5100/252 emulator can be serially linked to an IBM PC AT or PC XT, or an Intellec Series lll/IV. The 
emulator can communicate with the host system at standard baud rates up to 19.2K. The design of the 
emulator supports selected MCS-51 microcontroller components at speeds up to and including 16 MHz. 




Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent 
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. January 1987 
© Intel Corporation, 1 987 Order Number: 260200-002 
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PRODUCT OVERVIEW 

The ICE-5100/252 emulator provides full emulation 



support for the MCS®-51 family members listed in 
Table 1 . 

The ICE-5100/252 emulator enables hardware and 
software development to proceed simultaneously. 
With the ICE-5100/252 emulator, prototype hard- 
ware can be added to the system as it is designed 
and software can be developed prior to the comple- 
tion of the hardware prototype. Software and hard- 
ware integration can occur while the product is being 
developed. 

The ICE-5100/252 emulator assists four stages of 
development: 

• Software debugging 

• Hardware debugging 

• System integration 

• System test 



Software Debugging 

The ICE-5100/252 emulator can be operated with- 
out being connected to the target system or before 
any of the user's hardware is available (provided ex- 
ternal data RAM is not needed). In this stand-alone 
mode, the ICE-5100/252 emulator can be used to 
facilitate program development. 



Hardware Debugging 

The ICE-5100/252 emulator's AC/DC parametric 
characteristics match the microcontroller's. The em- 
ulator's full-speed operation makes it a valuable tool 
for debugging hardware, including time-critical serial 
port, timer, and external interrupt interfaces. 



System Integration 

Integration of software and hardware can begin 



when the emulator is plugged into the microcontrol- 
ler socket of the prototype system hardware. Hard- 
ware can be added, modified, and tested immediate- 
ly. As each section of the user's hardware is com- 
pleted, it can be added to the prototype. Thus, the 
hardware and software can be system tested in real- 
time operation as each section becomes available. 



System Test 

When the prototype is complete, it is tested with the 
final version of the system software. The ICE-5100/ 
252 emulator is then used for real-time emulation of 
the microcontroller to debug the system as a com- 
pleted unit. 

The final product verification test can be performed 
using the ROM or EPROM version of the microcon- 
troller. Thus, the ICE-5100/252 emulator provides 
the ability to debug a prototype or production system 
at any stage in its development without introducing 
extraneous hardware or software test tools. 



PHYSICAL DESCRIPTION 

The ICE-5100/252 emulator consists of the follow- 
ing components (see Figure 1): 

• Power supply 

• AC and DC power cables 

• Controller pod 

• Serial cable (host-specific) 

• User probe assembly (consisting of the proces- 
sor module and the user cable) 

• Crystal power accessory (CPA) 



Table 1. MCS®-51 Family Support Offered by the ICEtm-5100/252 Emulator 



Part 


On-Chlp Program Memory 


On-Chip Data Memory 


8031 


None 


128 bytes 


80C31 


None 


128 bytes 


8032 


None 


256 bytes 


8051 


4 KB-ROM 


128 bytes 


80C51 


4 KB-ROM 


128 bytes 


8052 


8 KB-ROM 


256 bytes 


80C252 


None 


256 bytes 


83C252 


8 KB-ROM 


256 bytes 


8751 


4 KB-EPROM 


128 bytes 


87C51 


4 KB-EPROM 


128 bytes 


8752 


8 KB-EPROM 


256 bytes 


87C252 


8 KB-EPROM 


256 bytes 
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• 40-pin DIP target adaptor 

• Clips assembly 

• Software (includes the ICE-51 00/252 emulator 
software, diagnostic software, and tutorial) 

The controller pod contains 64 KB of emulation 
memory, 254- by 24-bit frames of trace memory, and 
the control processor. In addition, the controller pod 
houses a BNC connector that can be used to con- 
nect up to 10 multi-ICE compatible emulators to- 
gether for synchronous starting and stopping of em- 
ulation. 

The serial cable connects the host system to the 
controller pod. The serial cable supports a subset of 
the RS-232C signals. 

The user probe assembly consists of a user cable 
and a processor module. The processor module 
houses the emulation processor and the interface 
logic. The target adaptor connects to the processor 
module and provides an electrical and mechanical 
interface to the target microcontroller socket. 

The crystal power accessory (CPA) is a small de- 
tachable board that connects to the controller pod 
and enables the ICE-51 00/252 emulator to run in 



stand-alone mode. The target adaptor plugs into the 
socket on the CPA; the CPA then supplies clock and 
power to the user probe. 

The clips assembly enables the user to trace exter- 
nal events. Eight bits of data are gathered on the 
rising edge of PSEN during opcode fetches. The 
clips information can be displayed using the CLIPS 
option with the PRINT command. Trace qualification 
input and output lines are also provided on the clips 
pod for connection to test equipment. 

The ICE-5100/252 emulator software supports mne- 
monics, object file formats, and symbolic references 
generated by Intel's ASM-51 and PL/M-51 program- 
ming languages. Along with the ICE-5100/252 emu- 
lator software is a customer confidence test disk 
with diagnostic routines that check the operation of 
the hardware. 

The on-line tutorial is written in the ICE-51 00 com- 
mand language. Thus, the user is able to interact 
with and use the ICE-5100/252 emulator while exe- 
cuting the tutorial. 

A comprehensive set of documentation is included 
with the ICE-5100/252 emulator. 




Figure 1. The ICEtm-5100/252 System Hardware 
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ICETM- 51 oo/252 EMULATOR 
FEATURES 



The ICE-51 00/252 emulator has been created to as- 
sist a product designer in developing, debugging, 
and testing designs incorporating the MCS®-51 fam- 
ily of microcontrollers. The following sections detail 
some of the ICE-51 00/252 emulator features. 



Processor Selection 

The ICE-51 00/252 emulator emulates the microcon- 
trollers listed in Table 1. Selecting a processor type 
changes the following characteristics to match the 
microcontroller selected: 

• Internal RAM size 

• Internal ROM size 

• Idle and power down mode enable 

• Special function register symbolic map 

• Memory map 

• Latched or unlatched EA 

• Serial port framing and error detection 



Emulation 

Emulation is the controlled execution of the user's 
software in the target hardware or in an artificial 
hardware environment that duplicates the microcon- 
troller of the target system. Emulation is a transpar- 
ent process that happens in real-time. The execution 
of the user software is facilitated with the ICE-51 00/ 
252 command language. 



Memory Mapping 

There is 64 KB of memory that can be mapped to 
the CODE memory space in 4 KB blocks on 4 KB 
boundaries. By mapping memory to the ICE-51 00/ 
252 emulator, software development can proceed 
before the user hardware is available. 



Memory Examination and Modification 

The memory space for the MCS®-51 component(s) 
and its target hardware is fully accessible through 
the emulator. The ICE-51 00/252 emulator refers to 
four physically distinct memory spaces, as follows: 

• CODE — references program memory 

• I DATA — references internal data memory 

• RDATA — references special function register 

memory 

• XDATA — references external data memory 



ICE-51 00/252 emulator commands that access 
memory use one of the special prefixes (e.g., CODE) 
to specify the memory space. 



The microcontroller's special function registers and 
register bits can be accessed mnemonically (e.g., 
DPL, TCON, CY) with the ICE-5100/252 emulator 
software. 

Data can be displayed or modified in one of three 
bases: hexadecimal, decimal, and binary. Data can 
also be displayed or modified in one of two formats: 
ASCII and unsigned integer. Program code can be 
disassembled and displayed as ASM-51 assem- 
bler mnemonics. Code can be modified with stan- 
dard ASM-51 statements using the built-in single- 
line assembler. 

Symbolic references can be used to specify memory 
locations. A symbolic reference is a procedure 
name, line number, program variable, or label in the 
user program that corresponds to a location. 

Some typical symbolic functions include: 

• Changing or inspecting the value of a program 
variable by using the symbolic name to access 
the memory location. 

• Defining break and trace events using symbolic 
references. 

• Referencing variables as primitive data types. 
The primitive data types are ADDRESS, BIT, 
BOOLEAN, BYTE, CHAR (character), and 
WORD. 

The ICE-5100/252 emulator maintains a virtual sym- 
bol table (VST) for program symbols. A maximum of 
61 KB of host memory space is available for the 
VST. If the VST is larger than 61 KB, the excess is 
stored on available host system disk space and is 
paged in and out as needed. The size of the VST is 
limited only by the disk capacity of the host system. 



Breakpoint Specifications 

Breakpoints are used to halt a user program in order 
to examine the effect of the program's execution on 
the target system. The ICE-5100/252 emulator sup- 
ports three different types of break specifications: 

• Specific address break — A single address can 
be specified to halt emulation. 
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• Range break — An arbitrary range of addresses 
can be specified to halt emulation. Program exe- 
cution within or, optionally, outside the range 
halts emulation. 

• Page break — Up to 256 page breaks can be 
specified. A page break is defined as a range of 
addresses that is 256-bytes long and begins on a 
256-byte address boundary. 

Break registers are user-defined debug definitions 
used to create and store breakpoint definitions. 
Break registers can contain multiple breakpoint defi- 
nitions and can optionally call debug procedures 
when emulation halts. 



Trace Specifications 

Tracing can be triggered using specifications similar 
to those used for breaking. Normally, the ICE-5100/ 
252 emulator traces program activity while the user 
program is executing. With a trace specification, 
tracing can be triggered to occur only when specific 
conditions are met during execution. Up to 254 
24-bit frames of trace information are collected in 
the buffer during emulation. Sixteen of the 24 bits 
trace instruction execution addresses, and 8 bits 
capture external events (CLIPS). 

The trace buffer display is similar to an ASM-51 pro- 
gram listing shown in Figure 2. The PRINT command 
enables the user to selectively display the contents 
of the trace buffer. The user has the option of dis- 
playing the clips information as well as disassem- 
bled instructions. 



Procedures 

Debugging procedures (PROCs) are a user-named 
group of ICE-5 100/252 emulator commands that are 
executed as one command. PROCs enable the user 
to define several commands in a named block struc- 
ture. The commands are executed by entering the 
name of the PROC. The PROC bodies are a simple 
DO...END construct. 

PROCs can simulate missing hardware or software, 
collect debug information, and execute high-level 
software patches. PROCs can be copied to text files 
on disk, then recalled for use in later test sessions. 
PROCs can also serve as program diagnostics, im- 
plementing ICE-51 00/252 emulator commands or 
user-defined definitions for special purposes. 
PROCs can also be used to set breakpoints. 



On-Line Syntax Menu 

A special menu, called the Integrated Command Di- 
rectory (ICD), similar to the one used for the |2|CEtm 
system and the VLSiCE-96 emulator, aids in creating 
syntactically correct command lines. Figure 3 shows 
an example of the ICD and how it changes to reflect 
the options available for the GO command. 



Help 

The HELP command provides ICE-51 00/252 emula- 
tion command assistance via the host system termi- 
nal. On-line HELP is available for the ICE-51 00/252 
emulator commands shown in Figure 4. 




hi t > PRINT NEWEST M 



/* Print newest four instructions in 
buffer */ 



FRAME ADDRESS CODE INSTRUCTION 

C02fl) 3DDA C02A PUSH 2 AH 

(□30) 300C 2532 ADD A->32H 

(□32) 3D0E FS2A MOV 2AH->A 

(D34 ) 3010 B5321D CJNE A ■> 32H , * + 10H 
hlt> 

hi t > PRINT CLIPS OLDEST 2 /* Buffer display showing clips */ 

FRAME ADDRESS CODE INSTRUCTION CLIPS (7L5M32LD) 

(□00) 3D0A C02A PUSH 2AH 01U0011 

(□□1) 30DC 2532 ADD A,32H 111101D1 
hlt> 




Figure 2. Selected Trace Buffer Displays 



5 



ICETM-5100/252 EMULATOR 



Design Considerations A,| o w at least 1 -y 2 inches (3.8 cm) of space to m the 




adaptor need to be considered for target systems. 



I hlt> go ■ 

FROM ARM FOREVER TIL USING TRACE •■, <execute> I 

I hlt>G0FR0P1 I 

I <expr> I 

I hlt> GO FROM 13H i 

<operator> ARfl FOREVER TIL USING TRACE ; <execute> 

I hlt> GO FR0H13H USING i 

I BRKREG <brkreg name> I 

I hlt> GO FROU 13H USING brl i 

I '•• TRACE i <execute> I 

I hlt> GO FROM 13H USING brl TRACE traceit | 

I 'i <execute> I 

280200-4 

Figure 3. The Integrated Command Directory for the GO Command 



hlt>HELP 



HELP is available for: 



ADDRESS 


APPEND 


ASM 


BASE 


BIT 


BOOLEAN 


BRKREG 


BYTE 


CHAR 


CI 


CNTL_C 


COMMENTS 


CONSTRUCTS 


COUNT 


CPU 


CURHOME 


CURX 


CURY 


DCI 


DEBUG 


DEFINE 


DIR 


DISPLAY 


DO 


DYNASCOPE 


EDIT 


ERROR 


EVAL 


EXIT 


EXPRESSION 


GO 


HELP 


IF 


INCLUDE 


INVOCATION 


ISTEP 


KEYS 


LABEL 


LINES 


LIST 


LITERALLY 


LOAD 


LSTEP 


MAP 


MENU 


MODIFY 


MODULE 


MSPACE 


flTYPE 


NAMESCOPE 


OPERATOR 


PAGING 


PARTITION 


PRINT 


PROC 


PSEUDO.VAR 


PUT 


REFERENCE 


REGS 


REMOVE 


REPEAT 


RESET 


RETURN 


SAVE 


STRING 


SYMBOLIC 


SYNCST ART 


TEMPCHECK 


TRCREG 


TYPES 


VARIABLE 


VERIFY 


VERSION 


U AIT 


WORD 


WRITE 






hlt> 













Figure 4. HELP Menu 
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PROCESSOR MODULE 



> 



CABLE BODY 

39" 
(99 cm) 



(10.2 cm) 



PROCESSOR MODULE 



(97 cm) 



TARGET 
ADAPTOR 




Figure 5. Processor Module Dimensions 
ELECTRICAL CONSIDERATIONS 

The emulation processor's user-pin timings and loadings are identical to the 80C252 component except as 
follows. 

Maximum Operating ICC and Idle ICC (ma)* 



v cc 


Maximum Operating ICC (ma)* 


Maximum Idle ICC (ma)* 


4V 


5V 


6V 


4V 


5V 


6V 


Frequency 


0.5 MHz 


0.87 


1.62 


3.0 


0.58 


1.21 


2.5 


3.5 MHz 


4.8 


6.82 


9.76 


2.2 


4.97 


6.33 


8.0 MHz 


10.5 


15.0 


20.5 


6.0 


8.98 


11.76 


12.0 MHz 


15.2 


22.2 


30.2 


9.2 


13.34 


17.46 


16.0 MHz 


19.4 


28.6 


38.7 


11.8 


17.4 


23.4 



• ICC is measured with all output pins disconnected. 

XTAL1 driven with TCLCH, TCHCL=10ns,Vii = V ss +.5V, V ih = Vcc-.5V. XTAL2 not connected. 
For maximum operating ICC 
EA = RST = Porto = Vcc. 
Fo r maximum idle ICC 

• EA = Porto = Vcc, RST = Vcc, internal clock to PCA gated off. 



Up to 25 pf of additional pin capacitance is con- 
tributed by the processor module and target 
adaptor assemblies. 

Pin 31 , EA, has approximately 32 pf of additional 
capacitance loading due to sensing circuitry. 



Pins 18 and 19, XTAL1 and XTAL2, respectively, 
have approximately 15 to 16 pf of additional ca- 
pacitance when configured for crystal operation. 
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Table 2. CHMOS and HMOS Design Differences 



Chip Function 


HMOS Component 8031 


CHMOS Component 80C31 


RST trigger threshold 
RST input impedance 
Port la 

Clock threshold 


2.5V 

4K - 1 0K ohms 

-800jaA 

2.5V 


70% Vcc (3.5V @ Vcc = 5V) 
50K - 150Kohms 
-50 jbiA 

70% Vcc (3.5V @ Vcc = 5V) 



Emulating HMOS Components 

The ICE-51 00/252 emulator is based on a CHMOS 
emulation processor. There are minor differences 
between how the ICE-51 00/252 emulator supports 
CHMOS and HMOS designs as shown in Table 2. 

Refer to the Microcontroller Handbook, order num- 
ber 210918, for further information on CHMOS and 
HMOS design considerations. 



HOST REQUIREMENTS 

• IBM PC AT or PC XT (or PC-DOS compatible) 
with 512 KB of RAM and a hard disk running un- 
der the DOS 3.0 (or later) operating system. 

• Intellec Series lll/IV Microcomputer Development 
System running under the ISIS or iNDX operating 
system respectively, with at least 512 KB of appli- 
cation memory resident. 

Disk drives — Dual floppy or one hard disk and 
one floppy drive required. 



ICETM-5100/252 SYSTEM SOFTWARE 
PACKAGE 

• ICE-51 00/252 emulator software 

• ICE-51 00/252 confidence tests 

• ICE-51 00/252 tutorial software 



EMULATOR PERFORMANCE 



Memory 

Mappable full- 64 KB Mappable to user or 
speed emulation ICE-5100/252 
code memory emulator memory in 

4 KB blocks on 
4 KB boundaries. 

Trace Buffer 254- by 24- bit frames 

Virtual Symbol A maximum of 61 

Table KB of host memory 

space is available 
for the Virtual Sym- 
bol Table (VST). 
The rest of the 
VST resides on 
disk and is paged 
in and out as need- 
ed. 



PHYSICAL CHARACTERISTICS 



Controller Pod 

Width B 1 / 4 " (21 cm) 

Height 1 1 / 2 " (3.8 cm) 

Depth 13y 2 " (34.3 cm) 

Weight 4 lbs (1.85 kg) 



User Cable 

The user cable is 3 feet (approximately 1 m). 



Processor Module 

(with the target adaptor attached) 

Width 3 13 / n6 " (9.7 cm) 
Length 1 y 2 " (3.8 cm) 
Height V/ 2 " (3.8 cm) 
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Power Supply 

Width 7 5 / 8 "(18.1 cm) 
Height 4" (10.06 cm) 

Depth 11" (27.97 cm) 

Weight 15 lbs (6.1 kg) 



Serial Cable 

The serial cable is 1 2 feet (3.6 m). 



ELECTRICAL CHARACTERISTICS 



Power Supply 

100 - 120V or 200 - 240V (selectable) 
50 - 60 Hz 

2 amps (AC max) @ 120V 
1 amp (AC max) @ 240V 

ENVIRONMENTAL 
CHARACTERISTICS 

Operating temperature +10° C to +40°C (50°F to 
104T) 

Operating humidity Maximum of 85% relative 
humidity, non-condensing 

ORDERING INFORMATION 
Emulator Hardware and Software 

Order Code Description 

pl252KITAD This kit contains: 1CE-51 00/252 user 
probe assembly, power supply and 
cables, serial cables, target adaptor, 
CPA, ICE-5100 controller pod, soft- 
ware, and documentation for use with 
an IBM PC AT or PC XT. The kit also 
includes the 8051 Software Develop- 
ment Package and the AEDIT text ed- 
itor for use on DOS systems. [Re- 
quires software license.] 

pl252KITD This kit is the same as the 
pl252KITAD kit excluding the 8051 
Software Development Package and 
the AEDIT text editor. [Requires soft- 
ware license.] 



pl252KITAS This kit contains the ICE-51 00/252 
user probe assembly, power supply 
and cables, serial cables, target 
adaptor, CPA, ICE-5100 controller 
pod, software, and documentation for 
use with Intel hosts (Series III, IV). 
The kit also includes the 8051 Soft- 
ware Development Package and the 
AEDIT text editor for use on Series 
lll/IV. [Requires software license.] 

pl252KITS This kit is the same as the 
pl252KITAS kit excluding the 8051 
Software Development Package and 
the AEDIT text editor. [Requires soft- 
ware license.] 

Software Only 

Order Code Description 

pSA252D This kit contains the host, probe, di- 
agnostic and tutorial software on 
5 1 / 4 " disks for use on an IBM PC AT 
or PC XT (requires DOS 3.0 or later). 
[Requires software license.] 

pSA252S This kit contains the host, probe, di- 
agnostic and tutorial software on 8" 
disks (both single-density and double- 
density) for use on a Series III, and on 
5y 4 " disks for use on a Series IV. 
[Requires software license.] 

Other Useful Intel Debug and 
Development Support Products 

Order Code Description 

pD86ASM51 8051 Software Development Pack- 
age (DOS version) — Consists of the 
ASM-51 macro assembler which 
gives symbolic access to 8051 hard- 
ware features; the RL51 linker and re- 
locator program that links modules 
generated by ASM-51; CONV51 
which enables software written for 
the MCS-48 family to be up-graded to 
run on the 8051, and the LIB51 Li- 
brarian which programmers can use 
to create and maintain libraries of 
software object modules. Use with 
the DOS operating system (version 
3.0 or later). 
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pD86PLM51 PL/M-51 Software Package (DOS pl86ASM51 
version) — Consists of the PL/M-51 
compiler which provides high-level 



programming language support; the 
LIB51 utility that creates and main- pl86PLM51 
tains libraries of software object mod- 
ules, and the RL51 linker and reloca- 
tor program that links modules gener- 
ated by ASM-51 and PL/M-51 and lo- 
cates the linked object modules to PD86EDIEU 
absolute memory locations. Use the 
DOS operating system {version 3.0 or 
later). 



8051 Software Development Pack- 
age (ISIS version) — Same as the 
pD86ASM51 package except this one 



is for use with the Series III. 

PL/M-51 Software Package — Same 
as the pD86PLM51 package except 
this one is for use with the Series III 
and Series IV. 

AEDIT text editor for use with the 
DOS operating system. 
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DOMESTIC SALES OFFICES 



ARIZONA 

iniei Corp 

71225 N 2am Drive 
Suite 2UD 
Pnoen.* 85029 
Tel (602) 869-4980 

Inlel Corp 

5161 N El Dorado Race 

Suite 301 

Tucson 85715 

Tel (60?) 299-6815 

California 

Inlet Corp 

21516 Vanowen Street 
Swie 116 

Caiwga Pa* 91303 
Tel (8161 704-8500 



Inlel Corp 

15)0 AfOen Way. Sum 
Sacrament) 95815 
Tel (916) 92CJ-8096 



2000 Easi 4tri Sireel 
Suite 100 
Santa Ana 92705 
Tel (714) 835-9642 
TWX 9IQ-595-1T14 

Inlel Corp ■ 

San Thomas 4 

2700 San Thomas Express^ 

Sania Clara CA 95051 

TeJ JlOfi] 986-8066 

910-338-0255 

COLORADO 

Inlel Corp 

3300 Mitchell Lane, Suite ; 

Bojidej 8030", 

Tel (303) 4J2-B088 

4445 No'thpark Drive 
Suile 100 

Colotado Springs 8090? 
Tei (303) 594-6622 

650 S Crerry Sireel 

Suite 91 & 

Denver 802?? 

Tel (303J 321-8066 

TW> 910-931-2289 

CONNECTICUT 

Intel Corp 

26 Mill Plain Road 

Danbury 06810 

Tel (203) 748-0130 

TWX 710-4&6-1199 

222 Summer Slreet 
Stamford 06901 
Tel (203) 32?-2934 



6363 NW 6ih Way, ! 
fi Lauderdale 33309 
Tel 1305) 771-OGOO 
TWX 510-956 9407 



FLORIDA (Cont'd) 



&EORGJA 

3280 Potriie Parkwav 

Suite 200 
Morcross 30Q92 
T e i (404) 149,0541 



ILLINOIS 

300 n' Martingale Road, Suite 400 
Schaumburg 60172 
Tei (312) 3IO-A031 



IOWA 

Intel Corp 

Si Andrews Building 

1930 SI Andrews Drive N E 

Cedar Rapids 52402 

Tei (319) 393-5510 

KANSAS 

inlel Corp 

B400 W HOlh Sireel 
Swle T?0 

Overland Park 66210 
Tel [9131 345-2?27 

MARYLAND 

inlel Corp * 

7321 Parkway Drive South 
Suite C 

Hanover 210/6 

Tel C301J 796-7500 

TWX 710-862-1944 

Inlei Carp 
7833 Walker Drive 
Greenbell 207 70 
Ter (301) 441-1020 

MASSACHUSETTS 

Intel Corp * 

West'Ord Corp Center 

3 Carlisle fload 

Westford 01886 

Tel (6171 692-3222 

TWX 710-343-6333 

MICHIGAN 

Intel Corp 

7071 Orchard Lake Road 
Suite 100 

We 5 1 Bloom field 48033 
Tel (313) 8518096 

MINNESOTA 



3500 W eQtfi Sireel 
Suite 360 
aioomingtor} 55431 
Tel (6T2j 835-6722 
TvVX 910-576-2867 

MISSOURI 



NEW JERSEY 

iniel Corp * 

Parkway 109 Orlice Center 
326 Newman Springs Road 
Pled Bank 077QI 
Te' (201) 747-2233 

iniel Corp 

75 Livingston Avenue 

Roselanfl 07068 
Tel (201) 74 0-01 11 



HEW MEXICO 



300 vanderbilt Moiix Parkway 
Hauppauge it 788 
Te' (&161 231-3300 
TWX 510-227-8236 

Intel Corp 

Suue 28 HoMowbroofc Park 
15 Myers Comers Road 
Wappmger Falls 12590 
Tel (914) 297-6161 
TWX 510-248-0060 

inlel Corp* 

211 White Spruce Souieva'd 
Rochester 14623 
Tel [716i 424-1050 
TWX 510-253-7391 

NORTH CAROLINA 

Intel Corp 

5700 Execulive Cenier Drive 

Suiie 213 

Cfiarlarie 29212 

Tel (704) 568-9966 



OHIO 

Irrel Corp • 

6500 Poe Avenue 

□aylon .45414 

Tel [513) 890-5350 

TWX 8)0-450 ?i28 



Iniel 



Ctagrin-Bramard Blrjg., No 300 
28001 Chagrin Boulevard 
Cleveland 44122 
Tel (216) 464-2736 
TWX 810- 427-9298 

OKLAHOMA 

Jnlel Corp 

6801 N froadway 

S^te 115 

Oklahoma City 73116 
Tel (105) 948-8086 

OREGON 

Inlel Corp 

10700 S W Beaxerton 
Hillsdale Highway 
Suite 22 

Beavedon 97005 
Tel (503) 6dl-9086 
TWX 910-467-3741 

PENNSYLVANIA 

1513 Cedar C'.irf Drwe 

Camphdl iron 

Tel (717> /37-5035 

4 55 Pennsylvania Avenue 
Fort Washington 19034 
Tel (215) 64 l 1000 
TWX 510-661-2077 

Intel Corp * 

400 Penn Cenier BouJevard 
Suile 610 
Pitlsburgti 15235 
'el (412) 823-4970 

PUERTO RICO 

Intel Microprocessor Corp 
Soulh Industrial Park 
ias Piedras 00671 
Tel (609) 733-3030 



TEXAS (Cont'd) 

12300 "Ford Road 
Suite 330 
Dallas 75234 
Tet (211) 241-8087 
TWX 910.860^5617 

Inlel Corp * 

7322 SW Freeway 

Suile 1190 

Houston 7707a 

Tel (713) 988-8088 

TWX 910 881 2490 

Industrial Digital Syslem& 
5925 Sovereign 
Suite lot 
Houston 7 7036 
Tel |?13}9a8-9421 

UTAH 

Inter Corp 

^201 Green Street 

Suite 290 

Murray 84123 

Tel (801) 263-8051 

VIRGINIA 

iniel Corp 

',603 Santa Rosa Road 
Suite 109 

Richmond 23288 
Tel (1304 > 282-5668 

WASHINGTON 

no POltf Avenue n E 

Suite 5i0 

Believue 98004 

Tel (206) 453-8096 

TWX 9104-J3-3002 



WISCONSIN 

Iniel Cocp 

450 N Sunnyslope fioafl 
Sune 130 
Chancellory Park I 
Brookdeld 53005 
Tel (414) 784-8087 

CANADA 

BRITISH COLUMBIA 



ol Canada 
301-2245 W Braaoway 
Vancouwer V6K ?E4 
Tel (604) 738-6522 

ONTARIO 



ol Carada. ltd 



Intel SemieartfuclOi 
2650 Queensview C 
Suile 2E.0 
Otiawa K2B 8H6 
Tel (613) 829.9714 
TELEX 053-4115 



Rexdale M9W 6H8 
Tel (416) 675-2105 
TELEX 06983574 

QUEBEC 

lutei Semiconductor ol Canada, Ltd 
620 SI Jean Blvd 
Poinle Claire h9fl 3K3 
Tel (514) 694-9130 
TWX 514-694-9134 



•Field Applicahon Location 



INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, CA 95051; Tel. (408) 987-8080 
INTEL CORPORATION (U.K.) Ltd., Swindon, United Kingdom; Tel. (0793) 696 000 
INTEL JAPAN k.k., Ibaraki-ken; Tel. 029747-8511 
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